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ABSTRACT 
 
 
Coastal zone of Malaysia has a vital role in socio-economic and environmental in 
pursuing the country development. However, it constantly faces a threat from coastal 
erosion. The report year 2013 from the Department of Irrigation and Drainage 
Malaysia showed 29% of Malaysian coastal has been experiencing erosion at various 
levels and primarily driven by ocean waves.  Hence, this study focused on 
developing the ocean monitoring system consists of a buoy with Global Positioning 
System (GPS) technology, reference station and data analysis techniques.  The buoy 
was developed by considering local factors and improves the performance of existing 
buoy.  Comparison with existing GPS buoy has found that the GPS buoy is far 
exceeded in term of physical specifications, costs, sensors sensitivity and observation 
interval. Based on the verification with slider machine, this system has been able to 
provide high accuracy result less than 0.5 cm compared to the standard value of 
slider machine. The RMS error from data analysis technique is less than 0.0016 m. 
Validation with Department of Survey and Mapping Malaysia (JUPEM) automatic 
tide gauges have found both methods agreed on tidal pattern with small discrepancy 
of less than 10 cm. Encouraging results were also obtained when the observations off 
coast Senggarang compared with manual observations, historical data and Malaysia 
Meteorological Department (MetMalaysia) wave forecasting. This system has been 
observing the same tidal patterns with data analysis RMS error less than 0.0013 m. 
Comparison with the height of historical wave data and wave forecast shows the 
results of observations of this system are in the range of comparisons made. 
Difference of 20 mm was obtained when compared with the wave height observed 
manually.  The usefulness of GPS buoy data also has been demonstrated in analyzing 
the monsoon wind influences at off coast Senggarang.   
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ABSTRAK 
 
 
Persisir pantai Malaysia memainkan peranan yang penting pembangunan Negara 
samada dalam bidang sosio-ekonomi atau alam sekitar. Walau bagaimanapun ia 
sentiasa menghadapi ancaman daripada hakisan pantai.  Laporan tahun 2013 
daripada Jabatan Perparitan dan Saliran Malaysia menyatakan 29% daripada persisir 
pantai Malaysia telah mengalami hakisan pada berbagai peringkat yang berpunca 
daripada ombak laut.  Oleh itu kajian ini memberi tumpuan kepada pembangunan 
sistem cerapan lautan yang terdiri daripada boya yang dilengkapi sistem 
penentududukan sejagat (GPS), stesen rujukan dan teknik analisa data. Perbandingan 
dengan boya GPS sediada mendapati boya ini jauh lebih baik dari segi fizikal, kos, 
sensitiviti penderia dan sela cerapan. Berdasarkan verifikasi dengan mesin gelangsar, 
sistem ini telah dapat memberikan hasil yang berketepatan tinggi iaitu kurang 
daripada 0.5 cm berbanding nilai piawai mesin gelangsar.  Nilai RMS untuk teknik 
analisa data adalah kurang daripada 0.0016 m.  Validasi dengan tolok pasang surut 
automatik Jabatan Ukur dan Pemetaan Malaysia (JUPEM) mendapati kedua-dua 
kaedah memberikan corak pasang surut yang sama dengan perbezaan yang kecil 
kurang daripada 10 cm. Hasil yang memberangsangkan turut diperolehi apabila 
cerapan di luar persisir pantai Senggarang dibandingkan dengan cerapan secara 
manual, data arkib dan ramalan ombak Jabatan Meteorologi Malaysia 
(MetMalaysia). Sistem ini telah mencerap corak pasang surut yang sama dengan nilai 
RMS teknik analisa data kurang daripada 0.0013 m.  Perbandingan ketinggian ombak 
dengan data arkib dan ramalan ombak mendapati hasil cerapan sistem ini berada 
dalam lingkungan perbandingan yang dibuat. Ketepatan yang tinggi iaitu 20 mm 
telah diperolehi apabila perbandingan dengan cerapan ketinggian ombak secara 
manual dibuat.  Kegunaan data boya GPS turut ditunjukkan dalam analisis pengaruh 
angin monsun terhadap kekuatan ombak di persisir pantai Senggarang. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 Background 
 
Ocean is one of the earth’s complex physical characteristics yet fully understood by 
man.  The wave, tide and wind are dominant natural external forces in the ocean. A 
lot of study related to wave, tide and wind has been done to help understand its 
characteristics, which are advantages for human beings.  Accurate forecasts of all 
these forces are of the utmost importance for the individuals who live, work, or travel 
on or near the oceans (Pinardi and Woods, 2002). The best decision in the economics 
or engineering can be made, when the sufficient information has been obtained. The 
coastal engineering is one of the example of the necessity for prediction of wave. 
Also, observation data of wave and tide has given useful information to the 
monitoring of the rise in the sea level, caused by the global warming and mitigation 
programs for the damaged natural resources. 
Ocean has a great influence on Malaysia because most of this country has 
been surrounded by the ocean, with a total of 4,675 kilometres of coastline, whereby 
the Peninsular Malaysia has 2068 kilometres, and East Malaysia has 2607 kilometres 
of coastline. The South China Sea separate two distinct parts of Malaysia from each 
other. The western part of Peninsular Malaysia is also facing the Strait of Malacca. 
The coastal zone of Malaysia has a special socio-economic and environmental 
significance. More than 70% of the population lives within the coastal area and a lot 
of economic activities such as urbanization, agriculture, recreation and eco-tourism, 
fisheries, aquaculture and oil and gas exploration are situated in the area. Within 
2 
these coastal areas, the industrialization and development demands had a great 
influence on the resources and coastline itself, with a large percentage of population 
living within 5 km from these areas. The zoning plans with multiple usages exist 
only in the framework of concrete management, i.e. the coastal and marine protected 
areas (Agardy, 1993). Generally, the coastal zone plays a vital role in the 
development of the country; however, it constantly faces a threat from erosion. 
The National Coast Erosion Study, which began in 1984 and completed by 
1986 was the first comprehensive study carried out to assess the shoreline of 
Malaysia. It has been reported by the study that 52% of the coastline in the east coast 
of Peninsular Malaysia is being eroded, 43% is stable, 1% is rebuilding and 4% 
undergoes changes according to the seasons. In the west coast, 50% of the coastline 
is being eroded, 30% is stable and 20% is rebuilding (Ghazali, 2006). An eroding 
coastline is considered critical if the structures within the area are in immediate 
danger, whilst it is deemed significant if the erosion is going to endanger the 
structures within the five years without any coastal protection. An eroding shoreline 
is deemed acceptable if the backshore area is uninhabited. The economic value of the 
development of backshore area and the physical rate of erosion are considered as the 
primary factors to determine the category of shoreline. The latest study has revealed 
that about 29% of the total of 4,800 km of Malaysian shoreline was subjected to the 
varying degree of erosion (Department of Irrigation and Drainage Malaysia, 2013). 
Coastal erosion is a natural phenomenon, which results from the interactions 
between natural process and the system. The natural process is primarily responsible 
for coastal erosion and it is driven by waves (Inch, 2014).  Although erosion is 
mainly contributed by waves action, our knowledge on this factor is still far from 
sufficient.  This occurs because of the shortage of data, coverage is not 
comprehensive and observation techniques are not efficient.    
In most of the countries, it has been observed that the most appropriate 
coastal and shoreline data in Malaysia are currently collected by many government 
departments, private sector organization, scientists and consultants. Moreover, except 
for the data regarding tidal elevation and shore-based wind, data on other important 
parameters such as waves and currents are hardly collected if available; the 
collection programme is tailored to a specific with a short term duration (Bernatchez 
and Dubois, 2008). 
3 
Because the availability of ocean tidal and wave height data for Malaysian 
ocean is not comprehensive, new effort to collect wave data must be made. Tidal 
data can only be obtained in certain places if there is Department of Survey and 
Mapping Malaysia (JUPEM) tidal observation stations located. While the wave 
height data supplied by Malaysian Meteorological Department (MET) was obtained 
from volunteering ship observations that sail through our waters. Since it is from the 
commercial ship, data is less comprehensive because normal for commercial ships to 
choose a same route and will only change the route in case of bad weather. 
Ocean wave measurement from satellite combined with global wave and 
atmospheric numerical models are dramatically changing our way of obtaining ocean 
wave data for engineering purposes. Remote sensing satellite observations are now at 
the point of providing reliable global long-term wave statistics. A direct sea state 
observation is straightforward; however, the usual observations from ships in the 
transit are not adequate enough to provide the reliable data (Campbell and Wynne, 
2011).  
Although the remote sensing satellite is capable of providing imagery for the 
wave characteristics extraction process, however it is not an absolute solution for the 
measurement of ocean waves. This remote sensing satellite is still restricted and 
fixed to its repetition orbit. As a solution, the satellite of Global Positioning System 
(GPS) provides an ultimate solution due to its numerous numbers, which contributes 
to the flexible observation and unlimited coverage (Kaplan and Hegarathy, 2005). 
The GPS satellite has been used for wave observation globally by many researchers 
such as Yang and Lo (2000), Chang and Sun (2004), Harigae et al. (2005), Daud et 
al. (2008) and Cui and Kouguchi (2011). Hence, this study will be focusing on GPS 
wave buoy system development. 
 
1.2  Problem statement 
 
Ocean wave data in Malaysia are currently collected by many government agencies, 
private sector organization, scientists and consultants.  The government agencies are 
Malaysian Meteorological Department, Department of Survey and Mapping 
Malaysia, Royal Navy Malaysia, Department of Irrigation and Drainage (DID) and 
Marine Department Malaysia.  Although there are many parties involve, the wave 
data are still insufficient because the present observations do not cover all Malaysian 
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water, subject to observations by third parties and conventional observation methods 
used (Yaakob et al., 2004). 
 Problem of data coverage is due to the type of equipment used.  The 
equipment used is categorized as fix type equipment makes the process of relocation 
to the area of interest is impossible to do.  Although the equipment is capable of 
providing a high accuracy data but it covers only a particular area where the 
equipment is installed.  An example is the JUPEM automatic tide gauge.  This 
equipment has been installed in 22 national tidal gauge telemetry stations throughout 
Malaysia (JUPEM, 2016).  Tidal data to all these areas is available but other areas 
like Batu Pahat where there is no observation stations nearby, alternative method for 
wave observation should be considered to address this issue.  Users also do not get 
the high accuracy data. For example, the JUPEM tidal data that can be obtained only 
in hourly intervals.  Moreover, data on other important parameters such as waves and 
currents are hardly collected if available; the collection programme is tailored to a 
specific with a short term duration (Bernatchez and Dubois, 2008). 
 Data collection also depends on the observations by third parties, examples 
are waves data which was provided by MET.  The wave data were observed by 
voluntary commercial ship that sailed through the water of this country.  This data 
only covers the water around the shipping lane at a certain period of time.  Users are 
unable to request for wave data for certain area and time.  Given these data obtained 
from voluntary commercial ship, the accuracy is also questionable.   
 Methods of data observation using conventional equipment also contributed 
to this problem.  The conventional observation of the wave or tide is performed by 
using the fixed type observation equipment which was equipped with water pressure 
sensor, ultrasonic sensor or accelerometer (Nagai et al., 2005).  This sensors are very 
sensitive and require delicate handling.  In order to get high accuracy data it needs 
periodical calibration and maintenance, which involves high costs.  In addition, this 
equipment is also difficult to be relocated to other locations. 
 Researchers have taken actions to overcome this issue through their personal 
wave observation. Muzathik et al. (2011) has deployed an Acoustic Wave and 
Current (AWAC) device to observe the characteristics of waves along the 
Terengganu coast. Although the equipment managed to observe the wave 
characteristics of waves, but it requires carefully checking and validation of the 
instrument to ensure the accuracy of the collected data.  Validation and maintainance 
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of this equipment is very costly. In addition, this equipment is difficult to install and 
need highly skilled individuals. The equipment is considered as a fix type equipment 
and relocation process is difficult.  
Taira et al. (1996) used the electromagnetic current meter and acoustic 
sensors to observe oceanographic data off the Kuala Terengganu coast. Although the 
equipment is capable of observing the relevant data, it requires a large ship for 
deployment. The periodic calibration is a must as the equipment have sensitive 
sensors. Although the equipment is categorized as transferable but the process is 
costly.  
Marghany (2000) had used ERS-l and AIRSAR/TOPSAR data to extract 
wave spectra to predict the alterations in shoreline on the basis of wave refraction 
and sediment transport. Although this technique can be used to extract the wave 
spectra for modelling of the alterations in shoreline, but still the assistance is required 
for verification from other data sources such as ship observation, ground truth data 
and aerial photography. Any imperfection of supporting data will influenced the 
generated waves data. Since this method still requires other supporting data before 
the waves information is obtained makes it not a practical solution.  
Methods that have been mentioned before is not a comprehensive solution to 
the problem of wave observation in Malaysia. Practical solutions which able to meet 
the needs of many parties and suitable to the country's waters condition must be 
produced to address this issue. Presently, the GPS technology provides the best 
solution to overcome this problem. The new buoy type observation equipment 
adapting GPS technology has excellent features of sea level and wave propagation 
measurement systems, as proposed by different researchers around the world such as 
Doong et al. (2011), Waseda et al. (2014), Cheng et al. (2008) and Collins et al. 
(2014). It is capable of providing the function that the fluctuation of sea surface of a 
broad frequency band can be observed in the accuracy of several centimeter 
continuously (Dawidowicz, 2014). The principles, functions and accuracy of the 
system are also reported by Joodaki et al. (2013), Nagai et al. (2003), Terada et al. 
(2003), Ohta et al. (2006) and Daud et al. (2008). 
Hence, this study focuses on developing an ocean monitoring system 
consisting of a buoy equiped with high precision GPS receiver, high precision 
reference station and data analysis techniques which is suitable for the Malaysian 
coastal area especially for the Straits of Malacca. 
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1.3 Aim and objectives 
 
To overcome the short comings of the wave observation in Malaysia and its lack of 
data coverage, its accuracy and out-dated techniques, therefore the aim of this study 
is to develop an ocean monitoring system which utilises the GPS technology. 
To achieve these aim, the specific objectives of this research are:  
i) To design, fabricate and test the stability of the ocean monitoring system 
ii) To verify the data analysis technique and validate the GPS buoy measurement 
iii) To analyze the effect of tidal wave and monsoon wind on wave energy 
 
1.4 Scope of the study 
 
The scopes of this study can be divided and described in the following aspects: 
i) Study area 
The area of study chosen is the coastal of Senggarang, Batu Pahat, Johor. The 
area is selected because it has experienced severe erosion where the 
destruction of property, coastal areas and agricultural areas have occurred 
(Utusan Malaysia, 2012). Further, it is a high populated and rapid 
development area. Aim of this study is to develop GPS buoy to measure high 
accuracy tidal and wave height data for this area. Hopefully the data provided 
able to help the responsible authorities to understand the wave characteristics 
and solve the erosion problems within this area.  
ii) Strait of Malacca wind and wave historical data 
The Strait of Malacca wind and wave historical data from 2010 to 2012 has 
been obtained from Malaysian Meteorological Department. The analysis from 
this data is one of the critical inputs, which should be necessarily considered 
during the designing process of the GPS buoy.  
iii) Wave simulator (slider machine) 
The slider machine is capable of replicating the movement of buoy constantly 
for a long period. This machine is very helpful in verification, validation and 
understanding process throughout this study. The GPS antenna was put on the 
slider machine and it constantly keeps on rotating during the observation. The 
observation data were compared with the standard data to verify and validate 
the data analysis techniques and equipment of this study.  
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iv) GPS buoy 
The designing of GPS buoy has been performed by considering the wind 
wave historical data, buoy buoyancy, roll and heave factors, weight and water 
proofing. The fabrication process and choosing the most appropriate material 
were carefully done to ensure the lasting usage and cheap. 
v) Reference station 
The reference station is very important in the observations of GPS, as it is the 
point of reference to all the fieldwork campaign in this study. A data of high 
accuracy can be obtained only if the reference station is stable and capable of 
receiving the GPS satellite signals of high quality. 
vi)    Wave observation 
The wave observation was performed four times, during three different 
monsoons. This observation was continuous for 30 hours with data logging 
rate of 1 Hz. During the GPS buoy observation, the manual observation of 
wave height and tidal were also done for the purpose of data comparison.  
vii)  Tidal data 
The tidal data of JUPEM was used to validate the tidal data observed by 
using the GPS buoy. The JUPEM data is reliable because this department is 
responsible of providing the entire tidal data in Malaysia for public and 
private usage. It was collected by automatic fix tide gauge at several locations 
in the whole Malaysia. 
viii) Data analysis techniques and programming 
Development of data analysis techniques and programming was done by 
using Bernese 5.0 and MATLAB software. 
 
1.5  Significance of study 
 
This study is of significant importance because of its major contribution to several 
parties such as local authorities, government agencies and private sectors. 
Furthermore, it also provides low cost, effective and precise solution to measure the 
wave characteristics. The government agencies such as Malaysian Meteorological 
Department, Department of Irrigation and Drainage (DID) and National Hydraulic 
Research Institute of Malaysia (NAHRIM) will hugely benefit from this study.  
Hopefully it will help the responsible agencies to identified the coastal area 
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categorized as high risk to the erosion, allowing the early necessary precautions to be 
taken. Also by providing vast and high accuracy wave data, the most effective 
solution can be applied to the affected area. 
The government agencies involved in the development, especially along the 
coastal area will be able to minimize the cost by making the wave information 
database as a reference when making a decision for the development of a particular 
area. The location can be developed rapidly by selecting the most appropriate 
location, which is protected from strong waves. The private sectors especially the 
ones which are involved in the engineering project near the coastal area or in the 
ocean will also be benefited from this study. The wave data is provided by the GPS 
buoy at their location able to meet the specification. By referring to this data, they 
will not over engineer their design and maintain the project’s cost. They also 
minimize the maintenance cost by providing the precise specification for their 
project. If the design specification is low from its supposition, they will have to bear 
the high costs of maintenance. 
The responsible local authority Majlis Daerah Batu Pahat (MDBP) is the 
party, who benefit directly from this study. The output from this study can provide 
the guidelines for MDBP to gazette the suitable location for recreational activities. 
This study is also helpful in providing tidal and wave height data to better understand 
the wave behaviour along the coastal area under their jurisdiction. By selecting the 
ideal location, the area can be developed and infrastructures in this location will be 
fully utilized by public with low costs of maintenance. 
The equipment and technique introduced in this study is cost-effective and 
flexible to observe the wave data. It is cost-effective because the equipment design 
does not involve any mechanical part hence no calibration and maintainance is 
required. The GPS buoy can be robustly handled and able to withstand large waves 
because this design lacks of mechanical part. The cost of developing this buoy is also 
relatively low as compared to other established products in the market; however, it is 
capable of providing the results with high accuracy. Although it is a very low cost 
product, the material and fabrication process was done in detail to sustain its rough 
and long-lasting usage. The careful design of GPS buoy to specific weight and size 
also makes it user-friendly in terms of the transportation, sea deployment and setting 
up for observation. Because of these advantages, it can easily be transport to remote 
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site and easily deploy from the small boats without any specific equipment and less 
operator is required. 
 
1.6  Organization of thesis    
 
This study focused on the development of GPS buoy for ocean monitoring system in 
the Straits of Malacca. The buoy were used for wave observation of the coast of 
Senggarang to obtain the wave data information. The thesis for this study is divided 
into 6 chapters, which are mentioned as follows: 
i) Chapter one discusses the requirement of this study. It comprises of the 
background of study, problem statement, outline of the objectives, scope and 
significance of this study. 
ii) Chapter two contains the review of book, report and published research 
works, which are relevant with the wave observation.  
iii) Chapter three illustrates the methodology adopted in this study. The 
methodology discussion is on the buoy designing and fabrication, buoy 
testing, data observation, data processing and data analysis.  
iv) Chapter four discusses the result from GPS buoy development, data 
processing, verification and validation process and accuracy assessment. 
v) Chapter five demonstrate the usefulness of GPS buoy data in wave strength 
analysis at off coast Senggarang. 
vi) Chapter six is the final chapter, which comprises of the conclusion achieved 
from this study and how future research can be conducted to improve the 
technique and enhance the result which will provide more benefits for future 
generation. 
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CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1 Introduction 
  
The area where the land meets the sea is known as the coastal area. The features of 
the coastal area vary according to the wind, climate, sea and the types of rock from 
which it is composed of. This land portion of most of the world’s coastal zone 
consists of sandy beaches. In some places, the beaches are covered with the coarser 
stones known as shingle. A delta may be formed and extend the seaward of general 
trend of the shoreline, where the wave and current action is relatively mild and the 
river provides large deposits of sediment. In some places, there is a break in the 
shoreline, which produces an estuary or inlet to the area of back-bay. Also, some 
coasts may be fronted by the steep cliffs that may or may not have a small beach at 
their toe (Sorensen, 2006). 
The coastline has been conquered by the human beings for many centuries, 
initially for the development of ports and maritime trade or fishing harbours to 
support the local communities. For instance, the Port of A-ur built on the Nile prior 
to 3000 BC and nearby on the open coast the Port of Pharos around 2000 BC. It also 
plays a significant role in maintaining an ecological balance among the shoreline 
stability, beach replenishment, nutrient generation and recycling. However, the 
coastal system is under threat due to unmanaged human activities such as pollution, 
habitat destruction, over exploitation of the resources and from natural phenomenon, 
such as wind and wave (Reeve et al., 2004). 
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The ocean waves are capable of massive destruction and endless beauty. The 
unravelling of the mysteries of their generation and predicting their heights have 
been a pursuit of sea fairing people and coastal dwellers throughout the history. 
There are many different kinds of open water waves, amongst which are the wind 
waves, tides and tsunamis (Lighthill, 1962). Here, the study will be concerned with 
the wind waves, driven by wind blowing over the surface of the sea. 
The fluctuations of the global sea level present a direct influence to those who 
live near the coast. The rise of the sea level has increased the impact on the humanity 
with the potential to alter the ecosystems and habitability in coastal regions, where a 
large ratio of the worldwide population lives (Douglas et al., 2001). The monitoring 
of the rise of sea level as a reference for the development of future within this area is 
very critical. Therefore, various techniques have been employed for the 
measurements of water or sea level, such as the coastal water level gauges, bottom 
pressure gauge, satellite altimetry and the wave buoy (Dean & Dalrymple, 2004). 
This study will demonstrate the potential of the Global Positioning System (GPS) 
buoy for the measurements of the water level.  
Due to this multidisciplinary nature of this research, the literature study is 
divided into five subjects. The section 2.2 discusses the related literature about the 
ocean wave. Then in the section 2.3, the concept and theory of the GPS technology 
was focused. Section 2.4 introduces the water level measurement, methods of 
measurement and the implementation of latest technology for water level 
measurement. Section 2.5 continues with the existing scenario of the wave buoy in 
ocean wave measurement. The last section comprises of the explanations on 
comparison of the GPS buoy data and tide gauge data. 
 
2.2 Ocean wave 
  
The ocean waves are mainly generated by the action of wind on water. The waves 
are formed initially by a complex process of resonance and sharing action. The 
surface oscillates up and down, sometimes only a few centimetres and sometimes 
several meters. The oscillations are never exactly regular. The successive waves are 
of different heights, as well as their wave period also varies. The pattern of waves 
never repeats itself exactly. However, sometimes this pattern seems to be less 
complicated and the intervals between the successive waves are usually longer.  
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In the open ocean, their properties depend on the wind speed, duration and 
the fetch length. The speeds of the higher wind, longer durations and longer fetches 
are all resulted in larger wind-generated waves. When the wind waves leave their 
source area, they decouple from an atmospheric influence and turns into the swell 
waves. The swell wave, once constituted, can travel vast distances, spreading in area 
and reducing the height, but maintaining wavelength and period with minimum loss 
of energy. However, in the nearshore environment, wave properties are also affected 
by interactions with bathymetry, tides and surface currents. These nearshore features 
can alter the amplitude, speed and direction of propagation of the wave field (Reeve 
et al., 2004). 
The waves are disturbances in the ocean that transmits energy from one place 
to another. The most familiar types of waves are the ones that cause boats to bob up 
and down on the open sea and dissipate as breakers on the beaches are generated by 
wind on the surface of the ocean. Some other types of ocean waves include tsunamis, 
which are often caused by underwater earthquakes and internal waves, that travel 
underwater between the masses of water. The tides are also a type of wave. In this 
study, a greater emphasis is placed on the waves generated by the wind and tides.  
 
2.2.1 Wind generate ocean wave 
  
The energy that causes the ocean waves to form is called a disturbing force, which 
was used as a reference to classify the ocean wave. The wave height is not often used 
for classification because it greatly varies depending on the depth of water, 
interference between the waves and other factors. The surface has been stretched by 
the capillary waves, which constitutes as a wind friction. Wind, which has been 
deflected upward, creates a partial vacuum and atmospheric pressure that was pushed 
down on the wave. Therefore, it has been evaluated that the circular motion of waves 
is virtually friction-free in the deep water. The continuation of wind energy can result 
in the formation of sea waves as shown in Figure 2.1. The mature waves sort 
themselves into smooth undulations called swells (Tolman, 2008). The growth of 
wind generated waves is determined by the wind duration, wind speed and fetch. 
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Figure 2.1: Wind generate the waves (adopted from Florida Center for Instructional 
Technology, 2005) 
 
The waves are sustained because the restoring forces (gravity in wind-
generated waves) continued to pass the water level of the calm seas, which results in 
oscillation. The speed of waves, wavelength, period and height are inter-related with 
each other. A circular path can be maintained only by the water in waves, when 
water depth from the surface to bottom is greater than one-half of the wave length 
(deep-water waves). The waves which have not been generated by the wind include 
tides, internal waves, storm surges and tsunamis (Soares & Carvalho, 2012). 
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2.2.2 Tidal wave 
 
The tides are the rise and fall of sea levels, which has been caused by the combined 
effects of the gravitational forces exerted by Moon, Sun and the rotation of the Earth. 
Every day, almost two equal high tides and low tides have been experienced by some 
shorelines, known as a semi-diurnal tide. Some locations experience only one high 
and one low tide each day, called a diurnal tide. Some locations experience two 
uneven tides a day or sometimes one high and one low each day, this is called a 
mixed tide. The time and amplitude of the tides are influenced by variable factors, 
such as the alignment of the Sun and Moon, by the pattern of tides in the deep ocean, 
by the systems of the oceans and by the shape of the coastline and nearshore 
bathymetry (Thurman & Trujillo, 2004). 
The variation of the tides depends upon the timescales, ranging from hours to 
years due to numerous influences. To make accurate records, the tide gauges at fixed 
stations measures the level of water over time. The variations have been ignored by 
the gauges caused by waves with periods shorter than minutes. These data are 
compared to the reference or datum level usually called mean sea level. While tides 
are usually the largest source of short term sea level fluctuations, the sea levels are 
also subject to forces, such as wind and barometric pressure changes, resulting in the 
storm surges, especially in shallow seas and near the coasts (Talley et al., 2001). 
 
2.2.2.1 Tides characteristic 
 
The tidal changes usually occur through the following stages: (i) The rise of sea level 
over several hours, covering the intertidal zone; flood tide (ii) The water rises to its 
highest level, reaching a high tide (iii) Sea level falls over several hours, revealing 
the intertidal zone; ebb tide (iv) The water stops falling, reaching the low tide. 
The tidal streams are the oscillating currents, which have been produced by 
the tides. The moment when the tidal current ceases is called slack water or slack 
tide. The tide then reverses direction and is said to be turning. The slack water 
usually occurs near high water and low water, but there are locations where the 
moments of slack tide differ significantly from those of high and low water. There 
are three type of diurnal as shown in Figure 2.2. The semi-diurnal tide (two high 
waters and two low waters each day) is experienced by the Peninsular Malaysia. On 
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a given day, the two high waters are typically not having the same height. These are 
the higher high water and the lower high water in the tide tables. Similarly, the two 
low waters each day are the higher low water and the lower low water. When the 
Moon is over the equator, the daily inequality is not consistent and is generally small 
(Reeve et al., 2004). 
 
 
 
 
Figure 2.2: Types of tides and tidal phases (adopted from National Oceanic and 
Atmospheric Administration, 2013) 
 
2.2.2.2 Tidal flow 
 
The analysis and data collection is very difficult for the influence of tides on the 
current flow. A tidal height is a simple number which applies to a wide region 
simultaneously. A flow has both a magnitude and a direction, both of which can vary 
substantially with depth and over short distances due to local bathymetry. 
Nevertheless, the current analysis is similar to tidal analysis. In the simple case, at a 
given location the flood flow is in mostly one direction and the ebb flow in another 
direction. The flood velocities are given a positive sign and ebb velocities a negative 
sign. The analysis proceeds as though these are tide heights. 
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In more complex situations, the main ebb and flood flows do not dominate. 
Instead, the flow direction and magnitude trace an ellipse over a tidal cycle instead of 
along the ebb and flood lines. In this case, analysis might proceed along pairs of 
directions, with the primary and secondary directions at right angles. An alternative 
is to treat the tidal flows as complex numbers, as each value has both a magnitude 
and a direction. The information of the tide flow is most commonly seen on the 
nautical charts, presented as a table of flow speeds and bearings at hourly intervals, 
with separate tables for spring and neap tides. The timing is relative to high water at 
some harbour, where the tidal behaviour is similar in pattern though it may be far 
away. As with the predictions regarding the height of tides, the tide flow predictions 
based only on the astronomical factors do not incorporate weather conditions, which 
can completely change the outcome (Whitney and Richard, 2007). 
 
2.2.3  Wave characteristics 
 
The waves do not usually have such a size, height and length that are similar to each 
other, although in fact these waves move in the same direction. The data from ocean 
waves is random and not always consistent and requires the use of statistical 
techniques to solve them. However, the large waves or waves in shallow waters are 
not very random as compared to the small waves or waves in deep water. Therefore, 
after the wave energy decreases or becomes weak, the deposition and eroded 
materials will occur. 
Prior to deeply understand the analysis in respect of linear waves, the main 
physical properties of waves that used must be known in advance. This theory 
connects three important parameters of the basic wave, which is wave period (T), 
wave length (L) and wave height (H). Figure 2.3 shows the basic features of a wave 
propagation velocity (c) at a water depth (d). The water depth is measured from the 
calm water level to the sea bottom (Sorensen, 2006). 
Apart from the above mentioned characteristics, some useful information is 
provided by the slope of the waves to understand its behaviour. It can be reflected by 
the reduction gradient waves (H/L) whether the waves were stable or break. If the 
value (H/L) does not exceed 1/7, the waves are in stable condition and if the value 
(H/L) exceeds 1/7, the waves are unstable and breaking waves will occur. 
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Figure 2.3: Basic characteristics of wave (adopted from Sorensen, 2006) 
 
2.2.4 Wave energy 
 
The ocean wave comprises of both the kinetic and potential energy. Kinetic energy is 
possessed by the movement of water molecules in the wave, whereas the potential 
energy by water molecules that have been displaced vertically against the gravity and 
surface tension. 
At the wavelength of most ocean waves, the total energy (E) per unit area of 
wave is approximately: 
E = 0.125 (gρH2)                                                                                           2.1                  
where: 
ρ – is the density of water (g/cm-3) 
g – is the acceleration due to gravity (9.8 m/s-2)  
H – is the wave height (m) 
E – is energy measured in joule per square meter (J/m-2) 
  
 On the basis of above equation, three various factors which contribute to the 
wave energy are gravity (g), water density (ρ) and wave height (H). Because water 
density changes very little in open ocean and g is constant, the total energy of a wave 
depends primarily on its height (Segar, 1998).  
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2.2.5 Spectral analysis 
  
There are two main approaches, which explain how the complex waves should be 
treated. These approaches include the spectral analysis and wave by wave analysis. 
The more powerful and popular of these two approaches is spectral analysis. The 
assumption of the spectral analysis is that the sea state can be considered as a 
combination or superposition of a large number of regular sinusoidal wave 
components with different frequencies, heights and directions. This assumption is 
very useful in wave analysis since sea states are in fact composed of the waves from 
a number of different sources, each with its own height, period and direction of travel 
characteristics (Hessner et al., 2001). 
Mathematically, the spectral analysis is based on the Fourier Transform of the 
sea surface. The Fourier Transform allows any continuous, zero mean signal like a 
time series record of the sea surface elevation to be transformed into a summation of 
simple sine waves. These sine waves are the components of the sea state, each with a 
distinct height, frequency and direction. In other words, the method of the spectral 
analysis determines the distribution of wave energy and average statistics for each 
wave frequency by converting the time series of the wave record into a wave 
spectrum. This is essentially a transformation from the time-domain to the 
frequency-domain and is accomplished most conveniently with the usage of a 
mathematical tool, known as the Fast Fourier Transform (FFT).  
The spectral approach indicates the frequencies, which have significant 
energy content, as well as the direction wave energy is moving at each frequency. A 
wave spectrum can readily be plotted in a frequency to energy density graph, which 
can provide important information about a wave sample and the corresponding 
conditions of the ocean. In fact, a general shape of the plot reveals a great deal, 
whether seas or swell predominate, the number of distinct swells present, etc. For 
example, during strong wind events, the spectrum tends to have a broad central peak. 
On the contrary, for the swell that has propagated a long distance from the source of 
generation, the spectrum tends to have a single sharp, low-frequency peak 
(Holthuijsen, 2007).  
In addition to the two methods mentioned, the power of ocean waves can also 
be expressed in terms of density for every wave frequency (Kaihatu et al., 2007). 
This technique is known as the Power Spectral Density (PSD). The function of PSD 
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shows the strength of the variations (energy) as a function of frequency. In other 
words, it shows at which frequencies the variations are strong and at which 
frequencies the variations are weak. The unit of PSD is energy per frequency 
(m2s/Hz) and you can obtain energy within a specific frequency range by integrating 
PSD within that frequency range. Looking at PSD is like looking at the simple time 
series plot except that we look at time series as a function of frequency instead of a 
function of time. The frequency is a transformation of time and considering the 
variations in the domain of frequency is just another way to look at variations of time 
series data. PSD tells us the ranges of frequency, at which the variations are strong 
and that might be quite useful for further analysis (WAFO, 2000).  
PSD is a very useful tool if you want to know the frequencies and amplitudes 
of oscillatory signals in the time series data. For example, let’s suppose that you are 
operating a factory with many machines and some of them have motors inside. You 
detect unwanted vibrations from somewhere. You might be able to get a clue to 
locate offending machines by looking at PSD which would give you the frequencies 
of vibrations. The technique is widely used in fields, which are associated with 
electrical and electronic for computing power per unit frequency. Moreover, this 
technique is very helpful in analyzing the radio wave signals. These techniques are 
developed in order to analyze the measured wave data either from the field (ocean, 
sea, lake, or coastal area), or from the laboratory measurement. The data measured 
by wave gauges, wave logger, wave staff, GPS, or any other instruments that used 
for the collection of data, can be examined by using this technique (Karimpour, 
2015).  
 
2.3 Global Navigation Satellite System (GNSS) 
 
The term ‘Global Navigation Satellite System’ (GNSS) refers to the constellation of 
satellites, which provides the autonomous geo-spatial positioning along with the 
global coverage (Dow et al., 2009). The satellites transmit the signals from space to 
allow the small electronic receivers to determine their location (longitude, latitude 
and altitude/elevation) to high precision (within a few metres). GNSS consists of 
several satellite systems that have been developed by various countries. The systems 
are NAVSTAR Global Positioning System (GPS) developed by United States 
America, global operational GNSSs (GLONASS) developed by Russian, BeiDou 
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Navigation Satellite System developed by China, Galileo developed by European 
Union’s, GPS Aided GEO Augmented Navigation (GAGAN) and Indian Regional 
Navigation Satellite System (IRNSS) developed by India (Hofmann-Wellenhof et al., 
2007). Further, the France and Japan cannot be left behind in the procedure of 
developing regional navigation satellite systems and will be launch in the near future. 
This study only emphasized on the GPS, because it was used to observe the entire 
fieldwork data.  
 
2.3.1 Global Positioning System 
  
The Global Positioning System is based on constellation of 24 satellites as shown in 
Figure 2.4.  It provides the information regarding the time and location in all weather 
conditions anywhere on, or near the earth, where there is an unobstructed line of 
sight to four or more GPS satellites. This system provides critical capabilities to 
military, civilian and commercial users around the world. It is maintained by the 
United States government and is freely accessible to anyone with a GPS receiver 
(Misra and Enge, 2006). 
 
 
 
Figure 2.4: The GPS satellite orbiting earth (adopted from Misra and Enge, 2006) 
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In 1960, the first satellite navigation system called Transit was successfully 
developed and tested by the Navy of United States. A constellation of five satellites 
have been used by this system and could provide a navigational fix approximately 
once per hour. After this, the Timation has also been developed by the U.S. in 1967, 
which proved the ability to place accurate clocks in space, the technology required 
by GPS. In 1970, the ground-based Omega Navigation System became the first 
worldwide radio navigation system, when successfully transmitted signal based on 
phase comparison from pairs of stations. But this system has some limitations and 
then drove the need for a more universal navigation solution with greater accuracy. 
In 1973, the GPS project has been developed by the U.S. Department of 
Defence to overcome the limitations of previous navigation systems. Originally, the 
GPS was run with 24 satellites and became fully operational in 1994. The GPS was 
fully utilized in a wide range of application, such as to determining the position fixes 
on offshore oil rigs, navigation, construction, transportation and many other 
possibilities as well. In the modern world today, the GPS equipments are handheld 
and even integrated into a smart phone (Kaplan and Hegarty, 2005). 
 
2.3.2 GPS signals 
  
According to Leick et al. (2015), the GPS satellite positioning system originally 
designed for use by the Department of Defence and the U.S. military, which 
currently comprises of 32 active positioning satellites. These satellites broadcast a 
unique signal on two carrier frequencies to enable the receivers of GPS on or near the 
earth’s surface to determine the location. The carrier, which are transmitted in the L 
band of microwave radio frequencies are identified as the L1 signal with a frequency 
of 1575.42 MHz and the L2 signal at a frequency of 1227.60 MHz.  
The GPS signals broadcasts also include numerous types of information, 
which are modulated upon these carrier waves in the form of binary bits by using the 
technique of phase modulation. The information included in the broadcast message is 
the almanac, broadcast ephemeris, satellite clock correction coefficients, coefficients 
of the ionosphere correction and the satellite health. The entire information has been 
summarized into three various information bits, as mentioned below:  
i) Pseudo random code – An ID code to identify the satellite, which is 
transmitting the data. 
22 
ii) Ephemeris data – Constantly transmitted by each satellite, which contains 
information about the health of the satellite, current date and time and also 
helps in determining the position. 
iii) Almanac data – Provides the information to the GPS receiver regarding the 
location of each satellite throughout the day. It shows the orbital information 
for the satellites. 
 
2.3.3 Errors in GPS observations 
  
The accuracy of the GPS system is generally dependent on the frequencies of the 
microwave radio broadcast to the receiver. The microwave can be affected during 
their transmission by several sources of error that would degrade the GPS signal. Xu 
(2003) and Zhang et al. (2007) described the sources of error as below: 
i) Receiver clock error – The time is kept on board the satellite by atomic 
clocks with a precision of 1 nanosecond, which is far more accurate as 
compared to the quartz clock built in the ground receiver. 
ii) Ionospheric and tropospheric refraction – The ionospheric refraction occurs 
50 to 1000 km above the earth, whereas, the tropospheric refraction seems to 
occur from the earth surface to 80 km above the earth. As they travel through 
these layers the signals are slowed down. 
iii) Multipath interference – Some signals are received directly and others are 
received after they have been reflected from adjacent features such as tall 
buildings and steel fences. 
iv) Weak geometry – When the satellites are positioned in a tight grouping and 
should be placed at wide angles relative to each other, it will be resulted in 
the weak geometry.  
v) Satellite orbital data – The errors associated with the satellite orbital data are 
also known as ephemeris errors, where the data for satellite location is not 
accurate. 
vi) Setup errors – During the setup of equipment, some common errors occur, 
which are centring the height measuring of antenna reference. 
vii) Selected Availability (SA) – A denial of accuracy that was turned off in May 
2000. 
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Most of the errors have been discussed, which can be surmounted by using 
differential positioning surveying techniques. But for a longer baseline, more 
sophisticated processing is required to deal with the natural and manmade errors 
(Kavanagh, 2006). 
 
2.3.4 GPS segment 
  
The GPS system can be categorized into three major segments, which include the 
space segment, control segment and the user segment (Bhatta, 2010). The U.S. Air 
Force is the sole authority to this system that develops, maintains and operates the 
space and control segments as shown in Figure 2.5. 
 
 
 
Figure 2.5: Segments of the GPS system (adopted from Snider, 2016) 
 
2.3.4.1 Space segment 
  
The space segment consists of 24 satellites, which are operating in six orbital planes 
spaced at 60 degree intervals around the equator. Four additional satellites are held in 
reserve as spares. The orbital planes are inclined to the equator at 55 degree. The 
orbital period is 12 sidereal hours, so that the satellite passes over the same location 
twice a day. The orbits are arranged so that at least six satellites are always within 
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line of sight from almost everywhere on the surface of the earth. On December 2012, 
the number of GPS satellite constellations increased to 32 satellites. The additional 
satellites significantly improve the precision of the calculations by providing 
redundant measurements. The increased number of satellites also changed the 
constellation of satellites to an uneven arrangement. The new arrangement was 
shown to enhance the availability and reliability of the system as compared to the 
uniform system, in case of the failure of multiple satellites. The nine satellites on this 
system are visible at any time from any point on the ground to make sure about the 
considerable redundancy over the minimum of four satellites, which are required for 
a position. 
The extremely precise and expensive atomic clocks are used in the GPS 
satellite to control the timings of signal transmission. If the same clocks have been 
used by the receiver, the cost would be higher and would also require the users to 
become enough trained that they can handle the hazardous material. Thus, the 
clock’s receivers are controlled by the oscillations of the quartz crystal, which are 
also precise but less accurate in contrast with the atomic clocks. However, an 
affordable receiver will be produced by these relatively low cost timing devices. 
 
2.3.4.2 Control segment 
  
The control segment consists of twelve monitoring stations including those at 
Colorado Spring, on the Island of Hawaii, Ascension, Diego Garcia and Kwajalein. 
The signals from the satellite are monitored and their orbits are tracked at the 
monitoring systems. The tracking information is transmitted to the master control 
station in the 50th Space Wing’s 2nd Space Operation Squadron, which is located at 
Schriever Air Force Base in Colorado Spring. The master control station will use this 
data to make precise future predictions of satellite orbits and their clock correction 
parameters. The information is uploaded to the satellite and transmitted as a part of 
broadcast messages to be used by the receivers to predict the satellite positions and 
the systematic error of their clock. 
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